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ABSTRACT

An earlier study proposed utilizing plots of ground-
track separation to minimize redundant photographic coverage
while meeting the photographic constraints. The data on the
Apollo 16 groundtrack separations included in the earlier
study have been superseded by recent groundtrack changes and
by the addition of a second orbital plane change for science
coverage (LOPC-2). Tables of the normal groundtrack separa-
tion distances are presented for the latest Apollo 16 mission
profile including a LOPC-2 of 3° south. Each table lists the
normal groundtrack separation distance as a function of lunar
latitude for various numbers of revolutions between ground-
tracks. Tables are also included of the groundtrack separation
distances for a potential LOPC-2 of 5° south. '
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I. INTRODUCTION

An earlier study* presented a technique for mini-
mizing Mapping Camera (MC) film usage by reducing redundant
coverage while meeting the desired sidelap and for planning
Panoramic Camera (PC) photography such that photographic con-
tiguity was attained but redundant coverage minimized. The
technique utilized plots of the groundtrack separation as a
function of lunar latitude. The plots of groundtrack separa-
tion for Apollo 16 presented in the earlier study have been
superseded due to recent changes in the groundtrack and by
the addition of a second orbital plane change. This second
plane change (LOPC-2) increases the orbital inclination in
order to photograph additional areas of geological interest.
In this memorandum the normal groundtrack separation distances
are presented for the current Apollo 16 groundtracks. (For a
detailed discussion of photographic planning using this data
the reader is referred to the referenced study.)

II. APOLLO 16 GROUNDTRACKS

The nominal Apollo 16 mission utilizes an approach
azimuth of -90° to the Descartes landing site with an orbital
inclination of 8.98° and a longitude of the descending node on
rev 1 of 116.4°. The CSM plane change for rendezvous (LOPC-1)
occurs on rev 40 and increases the orbital inclination to 10.40°
while shifting the descending node approximately 6° eastward.
After CSM/LM docking, the CSM remains in this orbit until rev
60 when a second orbital plane change for science coverage
(LOPC-2) increases the orbital inclination to 13.40° with no
nodal shift.

* "TLunar Orbital Photographic Planning Charts for Candidate
Apollo J-Missions," Bellcomm TM-71-2015-6, P. J. Hickson
and W. L. Piotrowski, October 29, 1971.



III. GROUNDTRACK SEPARATION

Figure 1 shows the general Apollo 16 groundtrack
geometry for two arbitrary groundtracks with azimuths at the
node Ay and A, degrees and separated by a distance S, in degrees,

on the equator. The normal separation distance from ground-
track 2 at latitude A to groundtrack 1 is shown as p. Values
of p (in km) are given in Tables I-IX as a function of lati-
tude (from .01° to the maximum latitude, both north and south)
and as a function of the rev separation between groundtracks.
(The rev separation between groundtracks is equivalent to the
equatorial separation S in degrees when no node shift is
involved.) Each table also indicates the lengths of arc o

and w, along the respective groundtracks between the lunar

equator and the indicated latitude. Values of p are deter-
mined for the following cases:

1

1. between CSM circularization and LOPC-1
(Tables Ia and Ib)

= = °
Al = AZ = 8.98

2. across LOPC-1 (Tables IIa and IIb)

—_ (]
A1 = 8.98

A,

node shift 6° eastward

10.40°

3. between LOPC-1 and LOPC-2 (Tables IIIa
and IIIb)

- — (-]
Al = A2 = 10.40

4, across LOPC-2 (Tables IVa and IVb)

10.40°

>
i

13.40°

Y
It

5. between LOPC-2 and TEI (Tables Va and Vb)

- -— -]
Al = AZ = 13.40



6. Dbetween CSM circularization and post-LOPC-2
(Tables VIa and VIb)

Al =

A,

8.98°

13.40°

IVv. PHOTOGRAPHIC PLANNING

Tables Ia and Ib indicate that between CSM circular-
ization and LOPC-1, >55% MC sidelap (groundtrack separation
<74 km along the entire track) can be attained with photo~
passes every 15th rev and rectified-PC contiguity (groundtrack
separation <165 km everywhere) can be attained with photo-
passes every 35th rev. Tables IIa and 1IIb indicate that up
to 18 revs can elapse between the last MC photo-pass prioxr
to and the first photo-pass after LOPC-1 for >55% MC sidelap,
and up to 37 revs between successive PC passes for rectified-
PC contiguity. Similarly, between LOPC-1 and LOPC-2, the
respective maximum rev separation allowed is 13 and 30 and
after LOPC-2, 10 and 23.%*%*

Across LOPC-2, however, a >55% MC sidelap is not
possible at all points along the groundtrack even when no more
than one revolution elapses between the last photo-pass prior
to and the first photo-pass after LOPC-2, since \Al—A2| >2.44°,

MAXIMUM NUMBER OF REVOLUTIONS BETWEEN SUCCESSIVE PHOTO-PASSES
TO ACHIEVE CONSTRAINT

3* south LOPC-2 5° South LOPC-2

MC
255% sidelap

MC/Rectified~PC
Contiguity

MC
>55% Sidelap

MC/Rectified-PC
Contiguity

Pre-LOPC-1
Across LOPC-1
Post-LOPC-1
Across LOPC~2

Post~LOPC-2

15

18

13

-(<1)

10

35

30

22

23

15

18

13

=(<1)

35
37
30
10

20

** Using the photographic planning technique suggested in the
earlier study will require interpolation of the tables.
In the earlier study only selected portions of similar
tables were plotted to facilitate quick estimates.




Nevertheless, rectified-PC contiguity can be attained across
LOPC-2 when no more than 22 revs elapse between the last PC
photo-pass prior to and the first photo-pass after the plane
change. These results are summarized in the summary chart.
Lastly, the photographic overlap between the first and last
photographic passes can be determined from Tables VIa and VIb.

For a potential plane change for science (LOPC-2)
of 5° (15.40° inclination post-LOPC-2), the respective ground-
track separations are shown in Table VII (across LOPC-2),
Table VIII (post-LOPC-2) and Table IX (between CSM circular-
ization and post-LOPC-2). The maximum number of revolutions
that can elapse between successive photo-passes to achieve
the constraints are also summarized in the above table.

B2 frostund,

W. L. Piotrowski

WLP P.J,#wlww/

2015-PJH-ams P. J. Hickson
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REV

19.
20.

21.
22,
23
Zq.
25,
260
27.
28,
29.
30.

31.
32.
33.
34,
35.
6.
7.
38.
39.
40

Table Ia

‘e MINIMUM DISTANCE RETWEEN ORBIT GROUND TRACKSes APOLLO 16~

REVOLUTION SEPARATION

MINIMUM REV SEPARATINON

A(l)= 98
A(2)= 8e¢98
LATITUDE
=8.98 «-8.00 =700 -b400 =5.00
-ol 2.1 29 3.5 3.9
-e2 4.1 5eR h£e9 7.8
-l 6-1 8.6 ’013 |106
-7 8.0 1103 13.6 1503
-1e0) 9.8 1440 149 19.0
=]e5 115 166 2041 227
=2.0 1302 1961 2342 26.3
=2¢b 149.8 21 a6 2643 29«9
=3.,3 16n3 239 293 3364
~441 17.7 2603 32.3 3648
=-4,9 19.1 2845 38,2 4042
=549 20.3 IN7 38,0 4345
=549 215 328 4N47 4648
=8,0 22.6 SQ-R 43.4 500
=91 23.7 368 4601 53.2
-1N.4 2“06 3Be b 48,6 5643
-11.7 25.5 405 51.1 593
-13,1 2643 422 53.5 6243
-14,54 27.0 43R 58.9 6542
-146.2 27 .6 4544 58,1 6840
=-17.8 28,2 4be9 604 70.8
'1905 2807 HBe3 6245 7345
‘21.3 2901 4947 64.6 7661
‘2302 29."’ 50.9 66.5 78.7
=-25.2 2946 521 68,5 B8l.2
-27.2 29.7 5342 70.3 83.7
-29.3 29.8 54,3 721 86.0
=31.5 29.8 5542 73.7 8843
=-33,7 29.7 Sébel 754 90«5
=-34,0 29.5 G669 76,9 9247
-38,.,4 29.2 5746 78.4 94,.8
""D.q 28.9 5802 7907 96.8
-4304 28'5 S8.8 81.0 98.7
=446.0 28.0 592 82.3 10046
=48,7 27 o4 59.hA 83,4 1024
=-51.4 2647 599 84,5 10441
~-54,2 25.9 6062 85,5 10547
=57.1 25.1 603 BbeH 1073
-60.0N 2442 60e4 87,2 10847
-63,0 23.2 6003 87.9 1101
ARC ALONG GROUND TRACK BETWEEN
=90.,00 =63.,08 =51,33 ~42,04 =33,94
=90.00 =63,08 ~51.,33 =42,04 =33.94

(

OM

THE LUNAR EQUATOR

AT LATITUDE

MEASURED FROM TRACK 2 )

-4,00

b4e¢2
Bed
1245
1be b
2067
247
2RBe7
32e6
365
403

4441
479
515
5%¢2
58.8
623
658
692
725
75.8

791
823
85¢4
8R.5
9145
P44
973
10041
102.8
105.5

108.1
11047
113.1
11545
1179
12041
1223
1245
1265
12845

-3.,00

444

849
13.3
1746
21.9
2602
30.5
34.7
38.9
43,0

4741
5142
5542
59.2
63,1
67.0
70.8
746
7844
82.1

8547
89.3
92.8
9643
99.7
103.1
106.4
1096
112.8
116.0

119.0
12240
125.0
1279
130.7
133.4
13641
13847
14143
143.8

=200

q.é

q.?
13.8
1.3
22.8
273
31.8
3642
qn.6
454N

49 .4
53.7
SR.0
62.2
b6 4
7Ne b
74.7
78.8
R2.9
8649

9N.R
94,8
IR, 4
1025
106.2
110.0
113.7 .
117.3
12N49
124.4

127.8
131.3
134.6
137.9
141.1
144,3
147 .4
150.5
153.5
156.4

-1.00

Y47
Fe4
141
1867
234
28.0
32.6
37 .2
41.8
4644

5069
55."'
59.9
6443
68.R
7362
775
Bl.9
Bbe2
904

9447

98.9
1N3.0
107.1
111e2
115.3
1193
123.2
127.1
131.0

134.8
138.5
142.2
14549
149.5
15341
15646
160.0
163.4
16647

EQUATOR AND LATITUDE L ( W

«26e54 =19459 =12,92
'19059

26454

=12.,92

=6e42
-bel42

IN DEGREES,AND LATITUDE IN DEG.
IN KILOMETERS

=+01

4.7

945
142
1809
23.6
28.4
33.1
37.8
4244
47.1

5)08
5644
61.0
6546
70.2
74.8
79.3
B3.9
88,3
92:8

?7.3
101.7
106.0
110.4
114.,7
119.0
123.2
127.5
131.6
135.8

139.9
143.9
147 .9
i51.9
155.8
159.7
1635
167.3
171.0
174.7

=06
=06



Table Ib

s MINIMUM DISTANCE BETWEEN ORBIT GROUND TRACKSss APOLLO 16=-

FOR REVOLUTION SEPARATION ON THE LUNAR EQUATOR IN DEGREES,AND LATITUDE IN DEG.
MINIMUM REV SEPARATION AT LATITUDE IN KILOMETERS
{ MEASURED FROM TRACK 2 )

All)= 898
Al2)= B8.98
REV LATITUDE
o0 1.00 2.00 3,00 4,00 5.00 6400 7.00 8,00 8.98
le 47 4.7 LEY-) 45 4.3 4.0 3.6 3.0 262 ol
2. Fe5 Pl Fe3 9.0 Be5 7.9 7.1 640 YooY 2
3. 14,2 14.2 13.9 1345 129 12.0 i0.8 962 6.8 oY
4 18,9 18.9 1Be b 18.0 1742 1é6¢1 14.5 12.3 Fe2 o7
Se 23.6 23.6 2343 22.6 216 2042 1842 15.6 11.6 1.0
be 2844 28,3 2840 272 2640 2443 22.0 18.9 1442 1.5
7 33.1 33.1 3247 31.8 305 2845 25.9 2242 16.8 2.0
8. 37.8 37 .8 374 364 34.9 32.8 29.8 254+ 6 194 2.6
9 42.4 42.5 421 4141 319.4 371 337 29.1 222 3.3
10. 4741 4743 4648 45.8 44.0 4104 3767 J2.6 25.0 4e1
{1 S1.8 52.0 Sleb S0.4 4845 45.7 41.8 3642 27.8 4.9
12 5644 5647 563 55.1 53,1 SNl 45,8 39.8 30.8 5.9
13. b61.0 614 610 59.8 577 S445 49.9 4345 33.8 6.9
14, 65,7 66,1 6548 6445 6243 SBe.9 S4.1 4762 36.8 8.0
15, 70.2 70.8 7045 6942 6.9 634 58,3 S1.0 4040 Fe2
16 74.8 75.5 752 74,0 716 6749 62.5 54,9 4361 10e4
17 79.4 0.2 0.0 7847 7662 724 66,8 5847 4b6e4 117
18 83,9 84.8 RYs7 83.4 80.9 7609 711 6247 49.7 13.2
19, 88,4 B9.4 B9.4 88.1 85.6 815 754 bbeb 53,1 1406
20 2.9 94,1 9441 9249 90.3 861 79.8 7047 5645 1662
21, ?7.3 98,7 9848 97.6 95.0 90«7 84,2 74,7 60.0 17.9

22. 10147 103.2 103.5 102.3 99.7 9543 8B.6 78.8 63.5 19.6
23, 106.1 107.8 1081 107.1 1044 9.9 93.1 83.0 671 214
24, 1105 112.3 112.8 111.8 109.1 10446 97.6 87.1 707 23.2
25. 114,8 1168 1174 1165 11349 109e2 10241 914 T4e4 25.2
26, 119,1 12143 12241 1212 11866 11349 10646 95.6 7842 272
27 . 12343 12548 12647 125.9 12343 118,46 11142 99.9 82.0 29,3
28. 12745 13042 1313 130e6 128.1 1233 11547 104,02 85.8 315
29, 13147 1346 13548 13543 1328 12840 12003 10846 89.7 33.7
30. 1358 139,0 1404 1400 137.5 132.7 125%.0 113,0 93.6 36,1

3l 139.9 143.3 144.9 144, 6 1423 137.5 {296 1174 976 38.4
32. 144,0 147 4 6 1494 149,13 147.0 142.2 134.3 121.9 10147 4.9
33. 148,.,0 151.9 1539 153.9 1517 1469 138.9 12643 105,7 43.4
34. 162,Nn 15641 1583 1585 1564 156147 143.6 13n.9 1N%7.8 4640
35, 155.9 16043 1427 163,11 1611 156+4 14843 135.4 1140 4847
34 159.8 164.5 16741 16746 165.8 1611 183.0 139.9 11802 Sle4
37, 163,464 168,44 1715 17262 1705 16549 1S7.7 144,5 122.4 54,3
38 167 .4 17246 175.8 17667 1751 170.6 1624 149,11t 1267 5761
39, 17142 176.7 18001 181.2 179.8 1753 167.2 1583,7 131.,0 60,1
40 174,9 180.7 1843 185,7 1844 1801 171.9 1S8. 4 135.3 63.1

ARC ALONG GROUND TRACK BETWEEN EQUATOR AND LATITUDE L ( W )
o064 bed42 1292 19,59 2654 33.94 42.04 5133 63.08 B9.98
« 06 b.42 12492 19.59 2654 33.94 42.04 S51.33 63.08 89.98




Table Ila

es MINIMUM DISTANCE RETWEEN ORBIT GROUND TRACKSes APOLLO 6= DESCARTES
FOR REVOLUTION SEPARATION ON THE LUNAR FQUATOR IN DEGREES,AND LATITUDE IN DEG.
MINIMUM REV SEPARATION AT LATITUDE IN KILOMETERS
{ MEASURED FROM TRACK 2 )
Al )= Be98
Al2)= 1040
REYV LATITUDE
“10e4N =10,00 =9.00 =B:.98 =8,00 =7,00 =6.00 =5.00 =4,00 =3,00 =2.0n =-l.00 -eN}
b —Q].] '4002 -3500 ‘3“.9 -30-2 -2506 -21.! -1607 -‘203 -800 -307 5 4'7
7. ~4342 =39.0 =32e7 =324¢b =2743 =222 =1743 =12.4 -840 =3.5 9 5e2 .4
8. “43,4 =3749 =30eb6 =30e¢d4 =245 =]1849 =1346 ~R45 =347 1.0 545 2.9 1462
9 -4347 -36'9 -2805 =-28,.,13 -21e7 -15%.46 -9.9 -4.85 » b Sebf 10,1 14.6 18.9
10, -H4,] =36.0 2604 -264¢3 189 =123 603 - b 4.8 949 14.7 19'3 2346
t1. “44,5 =35.] =24¢4 =24,3 =}643 9.1 =247 3.3 9.0 142 19.2 23.9 2843
12, =45,1 =34,3 =22+b =22,4 =13.7 =640 .9 762 13.1 18+6 23,7 28,6 33.0
l3' -4507 °33-6 -2007 ‘2005 -ll-Z -3'0 403 11.0 1702 2209 2802 33-2 3707
14, =4644 =33,0 =19.0 =tR.8 -8,7 o0 7.8 14,8 2142 272 32.7 i7.8 42.4
15, “47¢1 =32.5 =173 =171 ~b43 2.9 11a1l 185 2543 314 37.1 4244 471
16- -qBQU -32.0 —1508 ‘1505 -4-0 508 lq.q 2202 2902 3507 41.5 “6.9 5107
17. 48,9 '3‘.7 -1402 -14,0 ~]1.8 8.6 1707 2508 3302 39.8 45,9 Sloq Sé6e4
18, ~49,9 «3l.4 =«12+8 =12,5 o4 11.3 20.9 29.4 37.0 44,0 50.3 5640 61eD
19. ‘5100 -31.2 -11'5 -llll 2.5 14.0 24‘0 32.9 q009 48.1 ch6 6004 6506
20, =52e2 =31.,0 =102 «9,8 4.5 166 271 3443 4446 52,1 58.9 6449 7062
21, -53.5 =31.0 =940 =Reb 6e5 1941 30.1 39.7 4804 561 63,1 6943 7448
22, -54,8 =31,0 -749 =745 8.3 2146 33.0 43,1 52.1 60.1 67.3 73.7 793
23, =5642 =31,1 -6e8 -bol 1041 2440 35.9 46,4 55,7 64.0 71.5 78.1 Rl3.9
24. ‘57.7 -31.3 -509 -905 11.9 26.3 38-7 “9.6 5903 67.9 7506 82'” 8844
25' ‘59.3 -31-6 -5-0 -qob 1305 2806 41.5 52'8 62.8 7!.8 79l7 86'7 92'“
26, -6N,9 =32.0 -442 -3.7 181 30.7 44,1 5549 6643 7545 83,8 91.0 973
27. “62.6 =32.4 -3e5 =3.0 166 32,9 46.8 58.9 6947 79.3 87.8 9542 101a7
28, ~64,4 =32,9 -2e8 -2.3 1840 34,9 49,3 6149 7341 83.0 9.7 99.4 1N6.1
290 '6603 -33.6 -203 -1.8 1903 3608 51.8 6“.8 76-“ 86-6 9506 103.6 1100“
an. 6842 34,2 ~le8 =13 2046 3847 54,42 677 7946 90,2 99e5 10747 11448
31- '7003 -35.0 ‘ltq -.9 21-8 4005 5605 70-5 82-8 9307 10303 111.8 11900
32. =724 =35,9 -1l -e5 22.9 4243 58.8 73.2 A5.9 97.2 1071 1158 1233
a3, =74,5 ~36,8 -8 -3 23.9 43,9 6140 75.9 R?0 10046 1108 11948 12745
34, ~7648 =37.8 -7 -l 2449 45,5 63,1 7845 92.0 10440 114,5 12348 1317
35, =79¢1 =38.9 -eb o0 2547 47.0 6542 8140 94¢9 10743 11841 127.7 13548
34, -81.5 =40,1 -eb .0 2645 48,5 672 83.5 97.8 110.5%5 12147 131.5 139.9
37. =83.9 =41,3 -7 =l 2742 49,8 691 85.8 100e6 11347 12542 135.3 14440
a8, =B864s5 ~=42.7 -9 -e2 27.8 Slel 7049 88,2 103.4 116.8 12847 139.1 14840
39, “89,1 =44,] -1e2 =45 2844 5243 7247 90+4 106el 1199 132,1 142.R 15240
40. -9‘.7 'QSoé -105 -.8 2808 5304 7“03 ’2.6 10807 12209 l35a5 lqbts ]%5.9
41, -94,5 ~47,.1 -1.9 =1.2 2942 S4e4 7549 94,7 111.2 125.8 138,8 150.1 1659.8
42, =97.3 =48,.8 =24 “-1.7 ?29.5 65,4 77.5 96e7 11347 12847 142,0 153.7 14347
43, «100,2 -50.5% «3.0 2.3 297 Sée3 78,9 9,7 11641 131.5 145,2 1572 1675
4y, =103,1 =52.3 ~3.7 -2.9 29.9 5741 80+3 100e6 118.4 134.3 148,33 160.6 171.2
46, =106,1 =54,2 “4ed =346 29.9 57.8 8leb 102.4 120.7 137.,0 1514 144,00 174.9-
ARC ALONG GROUND TRACK RFTWEEN FQUATOR AND LATITUDE L ( w )
N .0n «00 =9N.0N =b3,08 =51633 42,04 ~33494 =264¢54 =19¢59 «12.92 =b,42 -6
=90,00 =74414 =bDe06 =59,85 ~50.44 =42¢45 =35:38 ~28,87 =22.73 =16.85 =11,15 =5,55 -enb




FOR

REV

be
7e
8,
9.
10.
11.
12.
13.
14.
15.

16,
17.
18.
19
zn.
21.
22.
23
24,
25,

26,
27.
28,
29.
30.
at.
32.
33.
34,
3S.

36.
7.
i8,
39.
"0.
41.
42,
43.
44,
45,

se MINIMUM DISTANCE BETWEEN ORBIT GROUND TRACKSee APOLLO

Tab

le IIb

REVOLUTION SEPARATION ON THE LUNAR EQUATOR

MINIMUM REV SEPARATION AT LATITUDE

All)=
AlL2)=

¢ D1

QQB

9'5
1442
19.0
2347
ze.q
33.1
37.8
42.5
4742

51.8
S6.5
611
65,47
703
7".9
794
84,0
88,5
92.9

97 4
101.8
106,2
110.6
114,9
11942
123.4
127.7
131.8
136.0

14001
144,2
148,2
152.2
15641
163.9
167.4
171.4
175,11

AoC
« 4
o A

{ MEASURED FROM TRACK 2 )

B8e98
1040

.00

8.9
13.6
18,3
23'1
27.8
32.5
37.3
42,0
4647
S1.45

56.2
60.9
6546
70.3
75.0
7%9.6
84.3
88,9
3.6
98.2

102.7
107.3
111.8
116.4
120.9
125,23
129.8
134,2
138,5
142.9

147 .2
151.5
155.,7
159.9
164,18
168,2
172.3
17644
1804
184,13

ALONG
6442
5.55

2.00

13.0
177
2243
27.0
317
3be Y
4162
4549
SN 6
Ss.q

6061
648
696
743
79.0
83.7
AB.5
93.2
979
102+6

1072
1119
1165
12162
125.8
1304
13540
1395
14441
14846

15340
1575
16149
16643
1707
175.0
1793
183.4
1A7 .8
192.0

GROUND
12492
1115

LATITUDE
3.0n 4,00
1740 21.0
21e6 2544
2642 29.9
30.8 3444
35.4  18.9
4041 4344
44,7 4749
49.4 5245
S4.1 5741
58.8 617
635 bbel
6Re2 70.9
72,9 7546
77¢6 8043
82.4 85,0
R7.1 B9.7
91.8 F4e4
9646 9941
1013 103.8
106.0 10845
1108 11342
115.5 118.0
120.2 122.7
12449 127.4
129.6 13242
13443 13649
139.0 14146
19346 14644
14843 1511
152.9 15548
157+5 16045
162¢1 16542
166.7 169.8
1712 17445
17547 179,41
180.2 183.8
184,7 1RB.4
18%.2 193.0
19346 19745
19840 20241
TRACK BFTWFEN
19.59 26.54
14485 22,713

S5.00

25.0
292
33.4
37.7
4240
4643
S0e?
554]
5946
6440

6845
73.0
7746
8241
8647
9143
959
10Ne6
105.2
10949

114%.6
11943
124.n
128.7
133.4
138,1
14249
14746
152.3
15741

1461.8
16645
1712
17640
1807
18544
19041
194.8
1995
208,11

FGUATOR
33.94
2887

16= DESCARTES

IN DEGREES,AND LATITUDE IN DEG.

IN KILOMETERS

6.00

28.8
32.8
3647
4048
44,8
4849
53.1
57.2
6145
6547

70.0
7443
7847
83,1
87.5
919
964
10049
105.4
110.0

114.5
119.1
123.7
12844
133.0
137.7
1424
147.0
15147
1564

16142
16549
17044
175.3
18001
184.8
189.5
194.3
199.0
203.7

7.00

32.6
3442
39.8
4345
472
51.0
54.8
58.7
6266
bbob

TNeb
T4e6
78.7
R2.9
87.1
913
955
99.8
10401
108,5

112.8
117.3
12147
12642
130.7
138.,2
139.7
144,3
14849
153.5

158,1
16248
1674
172.1
174.8
181,.5
1846.2
190.9
195.6
20044

AND LATITUDE

42.04
35.38

51433
42.46

L

8,00

3643
39.4
4245
QSIB
4961
52.“
55.8
593
46248
hbe3

70.0
73.6
774
8lel
85.0
88.8
92.8
96.7
1007
10448

1N8.9
113.0
1172
121.4
12506
129.9
13443
13846
14340
147 ¢4

1518
15643
160.8
16543
1899
1745
1790
183.7
18843
192.9

{ W
43.08
50,44

)

8498

397
42,1
44,7
473
50.0
52.8
S5.6
5845
ble4
b4 4

675
70.6
73.8
771
80.4
83,8
87.2
90.7
9443
979

10145
105.2
109.0
112.8
11646
12045
124.5
128,5
132.5
13666

14047
144.8
149.0
15343
15746
1619
16602
17046
175.0
179.4

89.98
59.85

9.00

39.7
42.2
44,7
4743
50.0
5247
55.6
S8.4
6] o4
64,4

67.‘1.
70.5
73.7
77.0
80.3
83,46
87.1
90.5
94,1
97.7

101.3
105.0
108.7
11245
114.4
120.3
12442
128,2
132,2
136,33

140.4
144.5
148.7
152.,9
157.2
161,65
165.8
170.2
17446
179.0

0N
60.06

10,00

42.8
44,2
qs'7
47,2
48.9
S50.4
52,4
54.3
5642
58'2

603
62.5
6.7
674N
694
71.9
74.4
7740
7.6
82,4

85,2
88.N
90,9
93.9
97.0
1001
103.3
106.5
109.8
11342

11646
120.1
123.4
127.2
130.8
134.5
138,3
14201
14549
14948

.nn
THelH

10440

4301
4342
4344
4347
44,1
4445
45,41
4547
4604
4742

48490
4R+ 9
ENe0
S1e0
52¢2
53.5
54.8
562
577
593

6049
6246
6404
6643
6843
703
72+4
7445
7648
791

81.5
8441
Rbe5
89,1
9]1.8
Q45
9743
10062
1n3.1
1Néae

«00
NG .99



Table IIIa

ee MINIMUM DISTANCE RETWEEN ORBIT GROUND TRACKSee APOLLO 14~

FOR REVOLUTION SEPARATIOM ON THE LUMAR EQUATOR IN DEGREES,AND LATITUDE IN DEG.
MINT»UM REV SEPARATION AT LATITUDE IN kILOMETERS
{ MEASURED FROM TRACK 2 )
A1) = 1040
A(2)=  1D.40

REV LATITHDE
=10.4n =«]10.00 =9.00 -A,00 -7.0N 6,00 =5.00 -4,00 ~-3.00 ~2.,00 =1.00 =01

1. .N 1.5 247 3.5 4.0 4,5 4.8 5.0 5.2 Se4 Se4 5.5
20 ‘02 2.8 503 60“ B-U 808 9-5 lﬂ.O 1004 1007 1009 10.9
3. -4 4,1 748 1041 11.8 13.1 142 16,0 1566 16.0 1643 1644
4. -7 5.3 103 13.4 15.6 174 18.8 19.9 20.7 21.3 217 2149
Se -1e2 643 126 1645 19.4 2146 2344 24,8 25.8 2646 271 27,3
b -1.7 7.3 1449 19.6 231 25.8 27.9 2946 30.9 31.9 32.5 32.8
7. -2.3 842 171 22.6 2647 29.8 3244 34,4 35.9 37.1 37.8 38.2
8, =3.N 9.0 1942 25.5 3042 31349 3648 39.1 4049 4243 43.2 43.7
9. -3,8 9.R 212 2R.3 3347 376 4142 43.8 45,9 47.4 48.5 491

10, 4,7 104 231 Ifad 37.0 4147 45,5 48,44 5048 52.6 53.8 54945

11. -S,7 10.9 250 13.8 4D H 45,5 49,7 53,0 5547 57.7 590 59.9

12, -6.7 11.3 2607 344 43.6 49,43 53,9 57.6 6045 6247 64,3 6542

13, -7.9 1147 2R.4 33,9 4644 5340 58,0 6241 6543 6747 69.5 70.6

14, -9,2 11,9 3040 4143 49 .4 Sheh 6241 hbeS 70.0 7247 74,7 7549

15, =1n.5 12,1 314 43,6 52.8 6Ne 2 bbel 70.9 7447 77.7 79.8 8le2
16, =12,0 12,1 32.8 45,49 558 6346 70.0 75.2 793 B2+.6 85.0 8645
17. =13.5 1241 34,1 4841 5846 6740 739 79.5 8349 87.4 90.0 91.8
18 ~15.1 12.0 353 50.2 614 7064 77,7 83,7 8845 ?2.3 95.1 97.0

19. =lh4R 11.8 365 52.2 6441 7346 8le4 87.8 93.0 97.0 100.1 10242
20 =18,6 11e4 375 54,1 bbel 7he R 85.1 91.9 97.4 101.8 105,1 1N7 4
21 =205 tl1.0 3Red 56.9 h942 799 8847 95.9 101.8 1064 {10.0 11245
22. =2245 10.5 39.3 5746 717 8249 922 $9.8 106.1 1111 114,9 117+6
23. =244.6 9.9 40)e N 59,3 74.0 8549 95.7 103,7 1103 11547 119.8 122.7
24, 2648 9e2 4067 6Ne9 76.3 RReR 99.0 107.6 11446 120,2 12446 127.7
25, -29.0 8.4 41e2 6243 7845 F1eb 102.4 111.3 1187 12447 129.3 132.7
26, ~31.,3 7.6 417 6347 P06 443 105.6 115.0 12248 129.1 134.0 1377
27, -33.7 beb 4201 6540 R246 9645 10R.7 118,46 12648 133.5 138.7 14246
28, =3643 5.5 4264 bbe2 4.9 994 111.8 122.2 1307 137.8 143.3 147.5
29, =3R.8 4.4 425 673 Rbed 171149 114.8 125.4 13446 142.0 147.9 15243
30, 4145 3.l 4246 6863 AB.1 10843 117.8 12940 1385 14642 152.4 15741
31, 44,1 1.8 42¢6 69,2 A9.8 10646 12046 132.4 142462 150.3 156.9 161.8
32. 4741 o3 42e5 7Nn.0 914 108.8 12344 135446 14549 I54.4 161.3 166.5
3. =50.0 =142 4243 7N.8 2.8 1109 126.0 138,8 14945 158.4 166,56 17142
34, =53.0 -2.8 4201 714 9442 1130 12847 141,.,9 153.1 16244 169.9 175.8
35, =561 ~4e5 41e7 7240 9545 11449 131,.2 144,9 15645 16642 174.2 180.3

ArC ALONG GROUND TRACK BETWEEN EQUATOR AND LATITUDE L ( w ) C -
=900 =74414 «b0e06 =5NeHY =U42,4b6 =35438 «28487 ~22,73 =16485 =11.15 =5.5%5 =.06
=90,00 =T74,149 «60eNb =584 =t2,46 =35,38 =28,87 =22,73 =16.85 =11,15 =5.5% =04




Table IIIb

se MINIMUM DISTANCE PETHEEN ORRIT GROUND TPACKSes APOLLO (4~

FOR REVOLUTION SEPARATION OM THF LUMAR FRUATOF 1t DEGREES,AND LATITUDE IN DEG.
MINIMUM REV SFPARATINON AT LATITUDE IN KILOMFTERS
( MEASUREDN FROM TRACK 2 )
Al1)= 1040
Al2)= 104N

REvV LATITUDE
D1 1.00 2,00 3.00 4,00 S.0:0 6400 7.00 Be0QO 900 1NeNN  1G.47
le Hebh Se4 564 5e2 S.U Yo 445 4.0 3.5 2e¢7 1e8 o0
2. 1N, 9 10.9 1049 In.s 10e2 0,7 9.0 Pe2 741 S5¢b 3.2 .2
3, 1A.4 164,48 1662 15.8 153 146 A 13.6 124 10.8 846 4.9 o4
q, 21.9 21.9 ?1ebh 2142 2045 19.5 18.3 16e7 145 11e6 be? «B
Se 2743 2743 271 2645 2547 2445 23,0 210 1843 147 Reb 1e2
b 32.8 32.8 3245 3149 1049 2945 2747 2543 222 17.8 1746 1e7
T 3a,2 38,13 IR LD 37.3 642 3444 32.5 29.8 2601 211 12.7 2.3
A, 43.7 43,R 4344 42.7 Hy et 19,7 37.3 4,2 30.1 24«4 1444 3.0
9. 49,1 49,2 4849 42,1 46,7 4448 4242 i, 8 3442 27.8 17,1 3.6
10, 54,5 54,7 4,4 %145 521 5NeN 4741 43,4 38.3 3143 19.4 4.7
11 59,9 4041 59,.A 59,0 S7.4 R4 2 52,1 48,0 4245 3448 2148 5.7
12. 65,3 AS e b Le .3 &4, 4 52 4R aN,u 571 52.7 4648 3844 2442 6.8
13. 7044 71.0 7048 h9,9 hBa2 LI 6241 57.4 Slal 42,1 2649 7.9
14, 75.9 7645 Tbed 753 7346 709 67.2 6242 5544 45,9 29.4 Fe2
15, 8162 Rle9 A1e7 RN, 8 7940 The2 7243 670 59.9 49,7 32.3 10.5
16 84,5 A7.3 7.2 84,3 Yy ,4 flet 7745 7149 LH4a3 S3.6 3542 12.0
17, 9.8 92.4 9246 91.7 89,9 BLe9 82.6 7648 bBe9 575 3R.1 13.5
18, 9740 984N 9841 97.2 95,3 92,3 87.9 81.8 7345 615 411 1541

19. 102.2 10344 10345 102.7 1N0«8 5766 93.1 ARba8 7841 656 44,2 169
20« 1074 10847 1N%e0 tne,2 1N&e2 IN3,r QR4 ?1.8 AZ.8 6948 47.3 18.7

21. 112.5  114«N 114e4 11346 111«7 1CRWS 10346 94,9 A7.5 74,0 50.5 2046
22. 11747 119e2 11968 11941 117.2 11349 108.9 102.0 9243 78.3 53,8 22.%
23, 12267 12445 172561 12445 122+7 1193 11443 10741 97.1 B2.6 57.2 2446
24. 12748 12947 13045 1300 12841 124.8 11946 11243 10240 8740 60.7 266K
25, 132.8  134.9 1358 135,4 133,66 13M¢2 12640 117.8 10649 91.4 6442 29.0
26, 13747 14041 1411 14Nn.8 13941 13%,7 1304 122.7 1119 95,9 67.¢8 Iy
27. 14247 14542 1468 44,2 144,55 14}e2 13548 12840 1169 100,5 7te5 33.8
2R, 149745 15063 15167 158146 150.0 144eh 1412 13343 1219 10541 7542 36.3
29. 1524 155.4 165649 157.0 155.5 15261 146¢7 138+.6 1270 10947 791 18.9
an. 15742 160e8 162el 1428 16049 157¢6 152¢1 143.9 132.1 1144 82.9 41,5

31. 161¢9 1454 1473 167e¢7 1b66e3 16301 157¢6 149.3 13742 11962 8649 44943
32. 16heb 17043 17245 1730 17148 16R8,5 163.0 154,7 U424 12440 9N.9 47.1
33. 17143 17542 1776b 178,3 17742 17400 16Be5 160.1 147¢6 128.9 95.0 5041
34, 1759 1801 18247 183,65 1R2.5 17945 17440 165.5 152.9 133.8 991 53.1
35, 18Ne4 18449 187.7 18848 1RA7.9 18449 179:5 170e9 158e¢1 1387 10343 ELER

ARC ALDNMG GROUMD TRACK RFTWEEM EQUATOR AND LATITUDE L { w )
0k 5455 11e15 14e85 22,73 28,87 35,38 42.46 G0el44 60,086 74ely 87499
DA 5¢55 11el5 16485 22,73 28487 35,38 H42.46 GSUe44 60,06 7THeld RI.99
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Table VIIIa

e« MINIMUM DISTANCE RFETYEFN NRBIT GRNUND TRACKSe# APOLLO 16=- § DEG LOPCI(2)

FOR REVOLUTION SEPARATION ON THE LUNAR EQUATOR IM DEGREES,AND LATITUDE IN DEG.
MINIMUM REV SFPARATION AT LATITUDE IM KILOMETERS
{ MEASURED FROM TRACK 2 )
All)= 1540
Al2)= 1840

REV LATITUDE
=15¢40 =15.00 =144N00 =13e00 =1200 =11e00 =10,0n0 =900 «=8B.00 =6.00 =4,0n -2,00 -oN1

1o o0 1.8 3.3 4e2 Seld Seb Aol 65 648 Tek 78 8.0 Bael
2. -3 3.3 &4 A,3 9.8 110 12.0 12.9 136 1467 158.5 15.9 16el
3. ~eb 448 Pt 12.3 144 ¢ 16e4 179 19,2 203 2240 23,1 23.9 242
4, -1lel be2 1263 1462 1942 2148 2347 2544 2609 2942 30.8 3l.8 12.2
Se =1e7 744 1561 199 23.7 2he8 293 31.5 33.4 3643 3B8. 4 39.7 4 e 2
b =24 8.4 177 2.6 28.1 318 34,9 37.6 39.8 43¢ 4 48,9 4745 4842
7 ~3.3 Fa4 2042 271 32.4 3be8 4044 43.5 4602 50.4 53.4 55.3 Sée1
a, =441 1062 225 305 3646 4] ot 45,8 49,4 52.5 574 6049 63,1 b4, 2
9. =545 10.8 248 33,.8 4047 4641 Slael 55.1 S8.6 b4e2 6843 7069 722
10 =hoB 11.4 2649 3449 4406 SN.9 5643 6N.8 h448 711 75.4 7846 AQe2
ite. =Re? 11.8 2B.9 39.9 48.4 5% o4 6143 bboy 70.8 77.8 82.9 R6.3 B8]
12, =947 12.0 3NeR 42,8 2.1 59.8 bbe3 719 7667 8444 90.1 93.9 9beN
13, ~11e4 12.1 3245 45,6 55.7 bl 7142 7743 AZ2.5 91.0 97.3 101.5 10349
14, =13.2 1241 34,1 4R 2 59.2 4R 43 7.9 R246 Bte3 97.5 104,4 10%9.0 1117
15, =-15.2 12.0 3.5 SNa7 6245 723 80eb 8747 93.9 104,0 111.4 t1é6e5 11965
16 =17.3 117 369 53,1 A58 7663 8541 92.8 9945 1103 118.4 124.0 1273
17 =19.5 11.3 38.0 584 bBe 9 ANl 8%9.6 978 1N4.9 11646 125,23 131e4 13541
18, -21.9 10.7 391 5745 7149 Bl.n 93,9 102.,7 1103 122.8 132, 138,7 142.8
19. -2443 10.0 400 59.5 T4.7 87 o4 9841 107.4 11545 128.8 138,.9 f46.0 1504
20, 2449 Fe2 408 614 775 G0 eR 102.2 112,1 1207 134.9 145.5 153.2 15841
21, -29.7 8.3 4ye5 3.1 Al 1 G4t 10662 1166 12547 140.8 152.,2 16044 16547
22, =324 7.2 420 407 R2.6 97 04 1103.0 121.1 13047 14646 158.,7 16745 1732
23 -35.4 5.9 424 bbal ay,9 10048 113.8 12S.4 13545 152+3 165, 17445 189047
24, =3R,.7 446 4246 676 8741 10344 117.4 129.6 14043 158,03 17145 1R1.,5 188, 1
25, =-42.0 . 3.0 4247 6A L8 R9,2 i06463 120.9 133.7 144, 9 16345 177.8 1A8.4 19545
26, =453 1e4 4247 6948 912 1090 12443 137.7 149.4 168.9 184.0 19542 2N2e8
27« =-48,9 -4 4245 7Ce8 93.0 11166 1276 141.5 153.8 174.3 1901 202.0 2101
28, =52.5 -2.3 423 716 47 1141 13047 145,3 158.1 1795 196¢2 208.7 21743
29. 5643 -443 ,qlna 723 9643 11664 13307 14R.9 16243 184,7 202-1 215.3 2245
30. ~60.2 =645 4]le2 72.8 97.7 118B46 13666 152.4 1boe 4 189.7 208,0 2218 2315
31, ~bH,.2 -8.8 4045 7342 99.0 120,7 139.4 155.8 170.3 194,7 213.7 22843 73Reh
32. -6R.3 ~-11¢3 397 734 1002 12246 142.,0 159,41 1742 1995 2194 234,.7 24545
33, =726 -13.9 38.7 73e6 1012 12445 144.,6 16242 1779 204.2 225,0 241.0 25244
34, 7740 =-16¢6 376 736 102.1 12641 146.9 165,2 18145 208.,8 230,55 247.2 25942
35, -81.5 -1Fe4 3643 734 102.9 12747 14942 16R41 185.0 213.3 235.9 253.3 26640

ARC ALONG GROUND TRACK BETWEEN EQUATOR AND ptATITUDE L ( w )
=9Ne00 =77407 =65064 =57490 =51253 =45,93 =40e84 =36,N9 =31e6} =23,18 =15423 =-7,.55 -«04
=90e00 =77e07 =b5e64 =57.90 =51e53 =46,93 =40,84 =36,09 ~31eb]l =23,18 =15,23 =7,55 =eNY4




FOR

REV

3.
4.
S
& e
7

e

9
10.

11.
12
13.
14,
15,
16.
17
1R,
19
20

21,
22
23,
24.
25,
26.
27
28,
29.
30.

3l.
32.
33.
34,
35.

REVOLUTION SEPARATION ON
MINIMUM REV SFPARATINON AT LATITUDF

es MINIMUM DISTANCE RETWEEN NRBIT GROUND TRACKSes APOLLO

Table VIIIb

{ MEASURED FROM TRACK 2 )

Al])a 1540
A{2)= [5ed4n
o 2,00
A, 8e0N
161 164N
24,2 24.0N
32.2 32,1
4N 2 401
49,3 4842
S643 5642
64,1 HhHe3
72.2 72.3
80,2 80.4
8841 RB.4
96401 9645
103.9 10445
1117 112.5
119.6 12045
127.3 128.5
1368.1 1365
142.8 149444
150,5 158243
15R,) 14062
165,7 164841
17342 176.0
1R3.7 133.8
1BR, 2 19145
195.5% 199.3
202.9 20740
21042 21444
21744 222.3
22445 229.R
231e6 237.4
23R,7 244,81
245 ,4 252.3
252.5 259.7
25903 26700
266.1 27442

ARC ALOMG

.0y 7.55

« 04 7.55

44N0

78
15«64
23«6
31e4
39«3
4742
5542
A3l
71lel
791

R7e2

952
10342
1113
1193
1274
13545
1435
159166
1596

167 66
17564
18364
19146
199.4A
20075
21%+5
2234
231.2
2139.!

24649
258447
26244
2701
2778

GROUND
1523
1523

LATITUDE
600 ,8.0N
7.4 b0
14,9 13.9
2244 20.9
3n,Nn 284U
37.6 3.2
45.3 424
53.0 49.7
6N.8 7.0
68,46 b4e4
Tbel 71le8
ay,2 79.3
92,1 RbeS
10Nn.0 4.5
107,.,9 17261
115,9 1N9.8
123.9 11745
131.9 125,23
139.9 133.1
147.9 14049
156,9 148486
164,0 15647
172.0 16464
18n,1 1725
190,11 1RO.5
196,2 1REB«H
20442 19645
21243 2N04.5
?22n,3 21245
228.4 22046
23444 228a6
244, 4 2367
252.4 244,.7
26N.4 ?52.R
26R,3 260.9
27he2 24849
TRACK BETWEEMWN
23«18 31461
23.18 31.41

THE LUMAR FAQUATOR IN

Q.00

beb
13e2
19.9
2647
3365
4Ne 4
4744
S54.4
616
6A4.8

Then
833
9047
98,1
108 ek
113e1
12N47
12R43
135.9
14347

1514
159.2
1670
174,45
18247
19Nk
19844
206"
21445
22245

23045
23%.45
24646
25446
26247

1N0.0Nn

6.1
12.4
18e7
25.1
315
38,1
4447
514
5842
6541

72.0
79.0
861
93.2
10N. 4
107.7
11540
122.4
129.8
1373

144,.8
15244
16N.0
167.7
175.4
183.2
190.9
19R+8
20446
21445

22244
23044
238.3
2463
254.3

11.n0

Seb
11.4
1742
23,2
2942
35.3
415
47 .8
54,2
6Ne b

4742
73.R
8N,5
87.3
4.1
1010
10BN
115.1
122.2
129.4

13664
{43.9
151,313
15807
16642
17347
iRl.3
1RrR8,9
19646
204,13

21241
219.9
227.7
235,.4
243.5

DEGREES,AND LATITUDE
IN KILOMETERS

12400

5.0
10e2
155
209
264
3169
3746
qS.“v
4942
5542

Ale2
674
7366
799
Rée3
928
994
1N&6.0
11267
1195

1264
13344
1404
147 .4
15446
1618
16941
17644
183.8
1913

193.8
20643
2139
2216
2293

FRUATOR AND LATITUDE L ( W

36.09
36.09

40.RYy
qn.e“

45,93
45,93

Sle53
51453

IN DEG.
13.00 14.0n
443 3.4
8.8 6.9
13e4 1045
18,0 14,3
22.8 18,1
27-7 22'1
32.7 26.2
37.8 30.5
43,0 34,48
4844 39,2
53.8 43,18
59.3 48.5
b4e9 53.3
70.6 SR.2
7645 63,2
82¢4 68,43
88.4 73.5
9445 7R,9
10047 B4,3
106.9 89,8
1133 9545
119.8 1012
12643 1071
132,9 113.0
13946 119.0
14644 125,11
153,2 1314
160,11 13747
16741 144.0
174.2 15N0.,5
181.3 157.1
18845 163.7
195.8 1705
203.1 17743
21045 184,14
57.90 65,64

57.90

16= 5 OEG LOPC(2)

65444

150N

jus B IS ]

b
w

107
132
15.8
183464
2145
2446

277
3le0
3444
37I°
41e4h
4504
4943
53.3
575
Ale7

66,1
706
7502
79.9
R4,p
R9.7
94,8
100.,0
105.3
1104

1161
121.7
127.5
133.3
139.2

77.07
77.07

16640

o N
«3
«h
lel
17
2e4
3.3
441
5e5

6o R

Re2

Ge?
11eH4
1362
152
173
195
219
2443
2“.9

297
326
3% e 4
IKe7
42 e}
45.‘
48,49
525
563
602

b4 a2
HE o3
7246
77 .0
pl.s

erN.Nn
0. NN
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